We have developed an in vitro complementation assay for six T4 bacteriophage gene products believed to be components of the T4 DNA replication apparatus. This assay is based upon the fact that DNA synthesis in an infected cell lysate that lacks a given gene product is specifically stimulated by addition of the missing product. By the use of such an assay, two proteins that appear to be the products of T4 genes 44 and 62 have been purified to electrophoretic homogeneity as a single complex of the two polypeptide chains.
Escherichia coli cells infected with bacteriophage T4 amber mutants in genes 32, 41, 43, 44, 45, or 62 synthesize little or no DNA, even though all four dcoxyribonucleoside triphosphates are present (1, 2) . For several of these genes, temperature-sensitive mutations exist for which DNA replication stops abruptly after a shift to the nonpermissive temperature (3, 4) . These six gene products may, therefore, be directly involved in building the T4 DNA replication apparatus (4) .
The products of T4 genes 43 and 32 are a DNA polymerase (5, 6 ) and a DNA-unwinding protein (7), respectively; both of these proteins have been purified and characterized in detail (8) (9) (10) (11) . The DNA-unwinding protein increases the in vitro rate of polymerization by the polymerase 5-to 10-fold (12) ; in addition, these two proteins appear to specifically interact with each other (12) .
In order to determine their roles in T4 DNA replication, the products of genes 41, 44, 45, and 62 must also be identified and purified. For this purpose, we have developed an in vitro DNA synthesizing system that shows a requirement for these gene products (13) . This system consists of concentrated, gently lysed T4-infected cells, in which the endogenous DNA serves as the template. Like the system described by Smith, Schaller, and Bonhoeffer for E. coli (14) , and by Okazaki and coworkers for T4-infected E. coli (15) , these cell lysates support a brief period of rapid DNA synthesis when supplied with deoxyribonucleoside triphosphates. Using such a system as an assay, we have purified the products of T4 genes 62 and 44 to homogeneity.
MATERIALS AND METHODS
Bacteria, Bacteriophage, arnd Enzymes. The host strain for all experiments was E. coli D110 (Pol Al, endI-, thy-, su-) obtained from Dr. C. C. Richardson (16 Fig. 1 (bottom) . Analogous complementations have been obtained with receptor cell lysates deficient in the products of genes 44 and 41 (not shown). In each case, the controls show that the stimulation of DNA synthesis observed is due to the addition of the missing gene product. Reproducible response to these gene products requires the high concentrations of receptor cell lysate used. This suggests that at least some of the factors necessary for DNA synthesis must be present at very high concentration if efficient complementation is to occur (see also ref. 19 ).
Purification of gene 62 and gene 44 proteins
By use of the complementation response as an assay, 62-activity was originally purified from cells infected with T4 am B22 (gene 43), and later from cells infected with the overproducer T4 SP62-am N55. Preparative isoelectric focusing yields the final Fraction IV, isoelectric at pH 8.2. As judged by electrophoresis on polyacrylamide gels containing sodium dodecyl sulfate, followed by protein staining (20) , Fraction IV consists almost entirely (>95%) of two proteins, having apparent molecular weights of 34,000 and 20,000, respectively. The recovery and purity at each step of this purification are listed in Table 2 for SP62-am 55-infected cells, with details of the procedure given in the legend.
Fraction IV does not stimulate DNA synthesis in lysates deficient in the products of genes 32, 41, 43, or 45 (Table 3) Fraction IV was derived from Fraction III of a mixed, doubly-labeled extract, prepared as described in the text. Both cultures were labeled from 5 min to 15 min after infection at 250 with radioactive leucine. To insure that the two phages differed only by a single mutation, the wild-type was selected on E. coli B as a spontaneous revertant from the amE1140 (gene 62-) stock. Electrofocusing was performed in a 10-ml J-tube with a pH 3-10 gradient, as described by Godson (23) ; the mean pH of each 0.5-ml fraction collected is indicated. In addition to measurement of the 62-protein activity in the complementation assay (bottom), aliquots of each electrofocusing fraction were counted by standard radioisotopic techniques (top). The excess of 3H-labeled protein derived from these counts is plotted in the middle panel. The data shown have been corrected for channel overlaps, and normalized to a 14C: H ratio of 1.0 in the original extract. A total of about 0.02% of the incorporated ['H]leucine radioactivity was recovered in the active fractions. the percent stimulation of these two lysates is similar over a 250-fold concentration range of purified complex. Therefore, it appears that one of the two proteins in Fraction IV is the gene 62-protein and that the other is the gene 44-protein.
Attempts were made to separate the two proteins in Fractio IV by taking advantage of the difference in their size. However, on sucrose gradients the proteins sedimented together as a homogeneous complex at 7.1 S. On gel filtration columns the two proteins eluted together at an apparent (spherical) molecular weight of about 300,000 (manuscript in preparation). In all cases, the molar ratio of 34,000-dalton protein to 20,000-dalton protein was constant at about 2:1, as estimated by elution of bands stained with Coomassie Blue from sodium dodecyl sulfate-polyacrylamide gels (21) . The sedimentation and gel-filtration data (22) suggest that the complex is actually quite asymmetric, -with a molecular weight of about 164,000; the ratio of chains in this complex should therefore be 4:2 (i.e., expected molecular weight of 176,000). Fig. 3 . To remove ampholines, the protein in the fraction with the most complementation activity was precipitated with 5% trichloroacetic acid after addition of lysozyme carrier, and redissolved in gel sample buffer containing I% sodium dodecyl sulfate. Subsequent sample treatment, electrophoresis, and gel counting techniques were described (24) . The counts shown have been corrected for overlap and normalized as for Fig. 3 The active fractions from a comparable isoelectric focusing column were further fractionated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (Fig. 4) 
